Comprehensive stroke centers are designed to have the "necessary personnel, infrastructure, expertise, and programs to diagnose and treat stroke patients who require a high intensity of medical and surgical care, specialized tests, or interventional therapies. " 6 Within the first 30 days after an ischemic stroke, the case fatality has been variously reported as 3.5-25% and the major causes of death were the index stroke and its sequelae. [7] [8] [9] [10] [11] [12] Thirtyday stroke case fatality has been used as a key indicator for hospital performance and quality of care to compare hospitals and to implement quality improvement strategies. 8, [13] [14] [15] Despite widespread establishment of CSCs in Korea, there is limited empirical evidence which demonstrates whether more organized stroke care at a stroke unit reduces stroke mortality. 16, 17 Therefore, our goal was to compare the 30-day mortality of patients with acute ischemic stroke (AIS) that were treated at our hospital during the 3 years before and the 3 years after the establishment of the CSC.
Methods

Patients selection
This study was based on our prospective stroke registry. All patients with AIS and transient ischemic attack admitted to our hospital within 7 days after the onset of symptoms, from January 2006 to present, have been enrolled. Stroke severity was assessed according to the National Institutes of Health Stroke Scale (NIHSS). 18 Assessment was performed in the emergency room at the time of admission. After admission, all patients were evaluated using a protocol that included demographic data, medical history, and vascular risk factors. We divided the patients into 5 groups, using the TOAST criteria. 19 Their clinical data were registered in the stroke registry by two trained study nurses.
We divided these enrolled patients into two groups corresponding to each of the three year intervals, before and after the establishment of the CSC. Patients with incomplete or missing clinical data, and transient ischemic attacks were excluded. This study was approved by the Institutional Review Board at Dong-A University Hospital.
Establishment of the comprehensive stroke center
Our hospital is a tertiary teaching hospital located in the Busan metropolitan area. Our stroke center was opened in January 2009 through financial support from the Korean government. Before the establishment of CSC, neither a stroke team nor a stroke care unit was present at our hospital. At the same time as the CSC opened, a 6-bed stroke care unit was installed for care of the acute stroke patients, which had a telemetry system for the monitoring of blood pressure, pulse, respiration and oxygenation.
With establishment of the CSC, to shorten the processing time to within the time window of IV t-PA use, we applied a central alerting system to recruit all available stroke team members to the emergency room, as soon as possible, after the arrival of suspected stroke patients.
A multidisciplinary group developed stroke care pathways to guide the evaluation and treatment of each stroke subtype. Stroke treatment was generally administered according to a well-organized team approach, e.g., intravenous thrombolysis, endovascular treatment, hemicraniectomy and carotid endarterectomy.
After the establishment of the stroke center, several perfor- mance measures improved as compared with beforehand. 20 Care in our stroke center fulfilled the Brain Attack Coalition's standardized criteria (Table 1) . 6 
Clinical outcome measures
We investigated the 30-day all-cause mortality of ischemic stroke patients for 3 years before and after the establishment of the CSC. Thirty-day case fatality was defined as the proportion of strokes for which death occurred within 30 days of stroke admission. Data on patients who were able to visit the outpatient department were captured. In all other cases, the survival or death at 1 month after the stroke was checked by a trained study nurse who undertook a standardized telephone interview with the patient or his or her next of kin. The survival or death was identified, regardless of cause of death.
Statistical analysis
Nominal variables were expressed as count and percentages, continuous values as the mean ± standard deviation (SD). Ttest was used to analyze the difference in continuous variables, and the chi-square test for those in proportions. Non-normally distributed variables were compared using a Mann-Whitney U test. We analyzed the influence of risk factors, clinical variables and the establishment of the CSC on 30-day mortality by a univariate analysis. We reanalyzed 30-day case fatality by means of logistic regression to evaluate whether the establishment of CSC is independently associated with reduced 30-day ischemic stroke mortality. The logistic regression model was applied with adjustment for the baseline variables that showed a P-value less than 0.1 on univariate analysis. In addition, propensity score matched analysis was performed to correct for bias. The results are presented as odds ratio (OR) estimates of relative risk with 95% confidence intervals (CI). P-values < 0.05 were considered statistically significant.
Results
During the study period, consecutive patients with AIS or transient ischemic attack (n=3,339) were admitted to our hospital within seven days after the onset of the symptoms to our hospital. Patients with a diagnosis of transient ischemic attack (n= 159) and those without 30-day outcome data (n =63) were excluded. The proportion of the men among patients with 30-day follow-up loss was higher than the proportion of men in the included patients; age: 64.9±10.9 vs. 65.5±12.3, P=0.720, male: 74.6% vs. 62.2%, P =0.037, NIHSS, median [ranges] : 5 vs. 5 , P=0.320. Ultimately, we performed a retrospective study using a sample of 3,117 consecutive patients with AIS.
After a 6-bed stroke care unit was installed in the CSC, 86% of AIS patients were admitted to the stroke care unit. The mean duration of hospitalization in stroke care unit was 3.5 days. Decompressive hemicraniectomies were performed in 14 patients for 3 years before the establishment of the CSC. After the establishment of the CSC, among 119 patients with malignant middle cerebral artery infarction, 53 patients (44.5%) underwent decompressive hemicraniectomy. Forty patients with hemicraniectomy (75%) survived for up to a month. Carotid endarterectomy was done in 47 patients with severe carotid artery stenosis ( Table 1) .
The baseline characteristics of ischemic stroke patients, before and after the implementation of the CSC, are presented in Table 2 . Patients' mean age was 65.5 years, and 62.2% were men.
Among the 3,117 patients, 61.8% were treated at our hospital during the 3-year period after opening of the CSC. These patients were older, and had lower frequencies of hypertension and current smoking behavior, and had more prior coronary artery disease and higher NIHSS scores on admission than those admitted before the CSC opened. Overall 30-day mortality was 6.8%. The overall 30-day all-cause mortality rate was 8.2% for patients admitted to our hospital before the establishment of CSCs and 5.9% for patients admitted after (unadjusted mortality difference, -2.3%; P = 0.012). The characteristics of those patients who died in the first 30 days, compared with those who were alive, are shown in Table  3 . On the unadjusted analysis, advanced age, female gender, previous coronary artery disease, no current smoking, stroke subtype, admission on a holiday, referral from other hospitals, higher NIHSS score on admission, and admission before the establishment of CSC were associated with higher 30-day stroke case fatality.
Logistic regression analysis was performed to further evaluate the independent predictor for 30-day mortality (Table 4) . After a risk adjustment, the establishment of the CSC was independently associated with lower 30-day mortality (OR, 0.57; 95% CI, 0.412-0.795, P = 0.001).
Then, we performed one-to-one matching based on propensity scores of each patient. The propensity score matching procedure generated a matched cohort in which the baseline prognostic variables were balanced. The 30-day case-fatality in patients admitted to our hospital after opening the CSC was lower than prior to opening (OR 0.64, 95% CI 0.458-0.955, P=0.011). (Supplementary Tables 1-2) .
Although reductions in the odds of death at 30-day by logistic regression analysis was relatively high comparing with that by propensity score matching analysis, both were all statistically significant. Thus, it was presumed that consistent results from two analytical methods were derived.
Discussion
This study showed that 30-day mortality rate of patients with AIS treated after the establishment of the CSC was lower than prior. This was true also after the adjustment for the differences in the baseline characteristics. These findings highlight the need for more organized comprehensive care for AIS patients to improve the stroke outcome.
Incidence of case fatality within 30 days of ischemic stroke in our hospital (6.8%) was below the range 10% to 25% reported in previous hospital-based studies. [7] [8] [9] [10] [11] However, the 30-day mortality of our hospital was higher than that of a nationwide Korean study. 12 This variation may be due to age, sex, race, quality of inpatient stroke care, risk factors and stroke severity among study subjects. For example, in our study, patients with cardiac embolism, large artery disease and undetermined cause of stroke are 3.49, 2.92, and 4.85 times more likely, respectively, to be dead 30 days after ischemic stroke than patients with a small vessel stroke. This is in accordance with the previous study reporting that patients with cardioembolic stroke had worse 30-day survival than patients with non-cardioembolic stroke. 9, 21 The proportion of patients with cardioembolic stroke in our study (23.5%) was higher than that that of a nationwide study in Korea (13.2-20.5%). Also, our cohort includes approximately 50% of patients with referral from other hospitals who would be expected to have more severe neurological and medical complication precipitating the transfer. In our study and others, 7, 8 initial stroke severity was the most important predictor of mortality after stroke. However, in the administrative records of some of the previous studies, stroke severity was not taken into account. [7] [8] [9] [10] [11] [12] Thus, we could not compare the neurological severity of stroke symptoms and medical cormorbidity with all other studies.
So far, thrombolysis, hemicraniectomy for malignant infarction, and stroke unit care are evidence-based therapies for ischemic stroke that achieve a substantial and long-lasting effect on neurological outcome. 22 A CSC can provide these treatments to patients with severe stroke, and patients with AIS who required specialized treatments, including endovascular treatment, decompressive surgery and carotid surgery. 6 We can not determine which individual components of the Brain Attack Coalition criteria for stroke center recommendation were the most important contributors for the lower mortality observed in this study.
One of the most important components of organized treatment for patients with AIS is admission to a stroke unit with a continuous telemetry monitoring system and stroke-directed nursing. 23 Stroke patients who received organized inpatient care in a stroke unit had better outcomes and reduced stroke fatality than those with stroke care in the general ward. [23] [24] [25] Randomized trials have shown that stroke unit care prevents 1 death for 33 patients treated. 23 According to 25 reports which compared stroke unit care with general wards, stroke unit care showed reductions in the odds of death recorded within 1 year of stroke follow-up (OR: 0.79; 95% CI: 0.73 to 0.86; P = 0.00001). 26 In addition, one Korean hospital study reported stroke unit care could reduce 3-month fatality rates by up to 80%. 16 There was no difference in group-specific mortality reduction according to the severity of stroke symptoms in our study. This is consistent with the findings that stroke units and organized inpatient care reduce 30-day death or institutionalization with the same magnitude of effect across all age groups 27 and stroke subtypes. 28 Fifty-three patients with malignant middle cerebral artery infarction underwent decompressive hemicraniectomy after the establishment of the CSC. Our results showed an 3.8-fold increase in the number of patients who underwent hemicraniectomy surgery after opening the CSC. Decompressive surgery in patients with malignant cerebral infarction increases the probability of survival from 28% to nearly 80%. 29 Therefore, it is possible that improved guideline-based treatment, organized care in a stroke unit and decompressive hemicraniectomy may contribute to the lower mortality rates among the stroke patients that were treated in our hospital since the establishment of CSC.
Previous studies reported that inpatient stroke center care was associated with a lower mortality compared with general or non-certified hospitals care. 2, 3, 30, 31 According to the Registry of the Canadian Stroke Network, stroke unit and organized inpatient care could reduce stroke death at 30 days, indicating a result similar to our study. 27 However, not all stroke patients have practical access to optimal care, often because of lack in facilities. In Europe, only few acute stroke patients are treated in appropriate centers. 32 Our study also has several limitations. First, our study included patients admitted to a single Korean CSC, and the results can not necessarily be generalized to those treated in other facilities. Second, our CSC had not yet been certified within a professional accreditation scheme, such as the Joint Commission Primary Stroke Center, because there are currently no certification regulations for stroke centers in Korea. However, our stroke center did fulfill the standardized criteria for CSC that the Brain Attack Coalition had published. 6 Third, because of the limitation of data collection, we could not obtain acute complication and recurrence rates data, both of which could have influenced some results. Last, our study focused on short-term mortality and could not consider other important patient outcomes, such as 90-day or 1-year functional status or the quality of life.
In summary, the present study reveals that more organized stroke care in our stroke center could successfully lower the 30-day mortality rate. Organized stroke care in a CSC might improve the patient outcome after AIS.
